Purpose The purpose of this study is to investigate the association of cigarette smoking with gastric cancer. Methods Over 215,000 men and women, representing five ethnic groups (African Americans, Japanese Americans, Latino Americans, Native Hawaiians, and Whites), completed a mailed questionnaire, 1993-1996. After an average follow-up of 7.3 years, 454 men and 242 women were diagnosed with gastric adenocarcinoma. Cox proportional hazard models were used to calculate multivariate-adjusted hazard ratios and 95% confidence intervals. Results Current cigarette smokers had elevated hazard ratios compared with never smokers among men (HR = 1.98; 95% CI 1.46-2.70) and women (HR = 1.78; 95% CI 1.23-2.57). This positive association was consistent across all five ethnicities. Former smokers had an elevated risk among men, but not among women. There was a significant trend by intensity (cigarettes per day) and duration (years) of smoking among all current smokers. After separation by anatomic location of their tumor, ever smokers had a higher risk for gastric cardia cancer (HR = 2.86; 95% CI 1.66-4.93) than for distal gastric cancer (HR = 1.52; 95% CI 1.25-1.86) among men and women combined. Analysis by histologic tumor type showed a stronger association between current smoking and the intestinal type.
Introduction
Although the incidence of gastric cancer is declining in many western countries, it is still the second most common cause of cancer deaths in the world [1, 2] . A recent metaanalysis of cohort studies concluded that smoking should be classified as the most important behavioral risk factor for gastric cancer [3] . However, there are still issues that need to be resolved. There is the possibility of a differential effect by sex with men experiencing a higher gastric cancer risk due to cigarette smoking [3] . The evidence of a doseresponse effect has not been consistent [3] [4] [5] . The association of cigarette smoking with the anatomical sub-site of the stomach needs to be investigated further, especially since there has been a decline in the incidence of cancer of the distal stomach, but an increase in the occurrence of gastric cardia cancer in the United States [6] . In addition, little information is available on the effect of cigarette smoking by histological subtypes of gastric cancer [3] . For these reasons, we decided to do an analysis of a large cohort study to examine the association between cigarette smoking and gastric cancer risk in multiethnic populations in Hawaii and California. Although the past cohort studies have been done in Europe, Asia, and the United States [3] , none have reported on the association across multiple ethnic groups in the same study population.
Materials and methods

Study design and population
The Multiethnic Cohort (MEC) Study in Hawaii and Los Angeles was designed to investigate the association of dietary, lifestyle, and genetic factors with the incidence of cancer and other chronic diseases. Its study design, questionnaire development, subject recruitment, and data collection have been described elsewhere [7] . Briefly, over 215,000 men and women, age 45-75, living in Hawaii or in California (mainly in Los Angeles County) completed a 26-page self-administered mailed questionnaire between 1993 and 1996. The primary sampling frame for the study was the drivers' license files in both states, because they included the names of most adult residents, contained information on age, and encompassed all socio-economic strata.
Study participants provided information on their diet (including alcohol intake), body weight and height, demographic factors (including education), lifestyle practices (including smoking history), history of medical conditions, use of medications (including aspirin), and a family history of common cancers. The following questions were asked regarding cigarette smoking history: (1) Have you ever smoked a total of 20 or more packs of cigarettes in your lifetime? (2) If yes, what is the total number of years you smoked? (3) What is the average number of cigarettes that you smoked per day; and (4) If you quit smoking, how long ago did you quit? All questionnaire data were checked for consistency and legibility prior to scanning and stored in a secured database. The institutional review boards at the University of Hawaii and at the University of Southern California approved the study protocol.
Study exclusion criteria
For this analysis, we limited the study participants to the five major ethnic groups recruited into the study (African Americans, Japanese Americans, Latinos, Native Hawaiians, and Whites). Latinos were defined as persons of Mexican or South or Central American ancestry, including immigrants from those countries. We excluded relatively small numbers of Chinese, Filipinos, and members of other ethnic groups (n = 13,994). We also excluded 8,264 persons with invalid dietary data and 558 subjects with a gastric cancer diagnosis before baseline that was either self-reported in the questionnaire or identified by registry linkages. In addition, 7,499 participants who provided an incomplete cigarette smoking history were removed. As a result, 185,506 participants remained in the study.
Surveillance
Since 1993, the cohort has been under surveillance for gastric cancer incidence by record linkage to the Hawaii Tumor Registry, the Cancer Surveillance Program for Los Angeles County and the California State Cancer Registry, and for mortality by record linkage to the death certificate files in Hawaii and California and to the National Death Index. All three cancer registries are members of the NCI's Surveillance, Epidemiology and End Results (SEER) Program [8] . The out-migration rate in the cohort has been low at 3.7% after 7 years of follow-up; therefore, few cases should be missed through passive follow-up. Case ascertainment was complete through December 31, 2004. The International Classification of Diseases (ICD)-03 coding, used by the registries, identified the stomach cancer cases (code C16). The cases in this study were limited to patients diagnosed with invasive adenocarcinoma of the stomach (715 cases). Gastric cancer patients, who had a gastric cancer other than adenocarcinoma (n = 75) or who were diagnosed with carcinoma-in situ (n = 17), were not included as cases.
The following codes specified the tumor location: C16.0 Cardia, not otherwise specified (NOS); C16.1 Fundus; C16.2 Body of stomach; C16.3 gastric antrum; C16.4 pylorus; C16.5 lesser curvature of stomach, NOS; C16.6 greater curvature of stomach, NOS; C16.8 overlapping lesion of stomach; C16.9 stomach, NOS. Code 16.0 identified gastric cardia cases and codes 16.1-16.8 identified distal gastric cancer cases. A tumor was coded 16.8 (overlapping lesion of stomach) when the location of the lesion was in the anterior or posterior wall of the stomach and none of the specific sites was mentioned (cardia, fundus, body of stomach, etc.) in the description of the tumor. Cases with code 16.9 (stomach, not otherwise specified) were cases with missing site codes, and they were not included in the site-specific analysis in the paper.
A limited number of cases were coded according to the histologic classification of Lauren [9] . In the SEER site/ histology codes, code 8144 identified intestinal cases, code 8145 identified diffuse cases, and code 8255 identified mixed type of adenocarcinoma cases. Cases with code 8255 were not included in the analysis by histologic type.
Statistical analysis
We applied Cox proportional hazards models using age as the time metric to calculate hazard ratios and 95% CI.
Follow-up began at the date of cohort entry, defined as questionnaire completion or, for the few individuals (n = 1,113) who were slightly younger than 45 years of age when they completed the baseline questionnaire, as the date the participant turned 45. Follow-up ended at the earliest of the following dates: date of gastric cancer diagnosis, date of death, or December 31, 2004, the closure date for this analysis. The other gastric cancer cases that were not included as events were censored at the time of their diagnosis. It was important to model smoking exposure correctly. Therefore, we developed a comprehensive model where the relationship between smoking variables and stomach cancer incidence was allowed to vary over time, based on the model developed to study tobacco use and lung cancer in the MEC [10] . However, the results were similar between the time-dependent and baseline value only models; therefore, the more parsimonious model is shown. Tests of the proportional hazards assumptions for the exposure and adjustment variables based on Schoenfeld residuals showed no violations for any analysis [11] .
The following adjustment factors were used in the multivariate model: age at cohort entry, ethnicity as a strata variable, family history of gastric cancer (yes/no), education (less than high school/high school or more), aspirin use (any regular use/never regular use), processed meat intake in terms of density (continuous variable, in g/kcal/day), alcohol consumption (continuous variable, in g/day), and body mass index (BMI) (continuous variable, weight in kg divided by the square of height in meters). In the adjustment for ethnicity, Japanese American and Latino American individuals were separated into groups based on place of birth due to the association of foreign-born birthplace and gastric cancer incidence (which is potentially reflective of Helicobacter pylori prevalence) in our population. As a result, the ethnicity groups were categorized as follows: White, African American, Native Hawaiian, Japanese American (first generation), Japanese American (second generation), Japanese American (third generation or later), Latino American (first generation), and Latino American (second generation or later). Subjects with missing data for any of the adjustment variables were excluded. Consequently, 182,441 participants were included in the multivariate analysis. Cigarette-years was computed as duration of smoking in years times the average number of cigarettes smoked per day, with never smokers assigned 0 [12] . Exposure variables were generally categorized and represented in the models as indicator variables. Trend tests were conducted by inclusion of a continuous variable in the model assigned the median values of the appropriate intensity or duration category. Heterogeneity by sex and ethnicity was tested based on the Wald test of crossproduct terms. Heterogeneity by cancer subsite was tested using competing risks methodology [11] . When the analyses were repeated in a sensitivity analysis excluding all individuals with prevalent cancer of any type at baseline, the results were similar.
All analyses were performed using SAS Statistical Software, version 9 (SAS Institute Inc., Cary, NC), and all statistical tests were two-sided.
Results
There were 82,683 men and 99,758 women included in this study. The mean duration of follow-up was 7.3 years, with a total of over 1.4 million person-years of observation. During that time, 454 men and 242 women were diagnosed with gastric cancer. The mean age at diagnosis was 68.5 for men and 68.0 for women. Table 1 shows the baseline characteristics of gastric cancer cases and the total study population by sex. The cases were older at time of study entry and more likely to have a family history of gastric cancer. They were also less educated and less likely to have a history of aspirin use. Table 2 presents the hazard ratios for gastric cancer by smoking status and sex. Men had higher hazard ratios among current cigarette smokers (HR = 1.98; 95% CI 1.46-2.70) and former cigarette smokers (HR = 1.74; 95% CI 1.37-2.22) compared with never smokers. For women, a higher hazard ratio was present among current smokers (HR = 1.78), but not among former smokers (HR = 0.94). The effect for current smoking was similar between men and women (p for interaction = 0.44), while the effect for former smoking was significantly different (p = 0.0025).
To examine the consistency of the association between current cigarette smoking and gastric cancer, the hazard ratios were determined for each of the five ethnic groups. The eight ethnic-generational groups were collapsed here, because the numbers in the generational groups were too small for estimation. Men and women were combined in the analysis, because of the relatively small numbers of cases when they were separated into sex-ethnic-specific groupings. The results are shown in Fig. 1 . The hazard ratios were greater than one for all five groups and significant for Japanese and Latino Americans. The differences were not significant across ethnic groups (p for interaction = 0.87).
Among former male smokers, there was a linear trend in risk, based on years since quitting smoking cigarettes, as shown in Table 3 . After adjustment for cigarette-years, those who quit for 21 or more years had a 17% excess risk compared with nonsmokers, while those who quit within the past 10 years had a 69% excess risk. There was no trend among women (data not shown), as female former smokers did not have an elevated risk compared with nonsmokers.
Cancer Table 4 presents the dose-response relationship for gastric cancer by number of cigarettes smoked per day and years of smoking among current smokers. The analysis for cigarettes per day was not adjusted for duration of smoking, because of the high correlation between these two variables (r = 0.89 for all, 0.78 for men, and 0.95 for women) and inclusion of both variables severely attenuated both effects. Those who smoked 21 or more cigarettes per day had the highest hazard ratio among men (HR = 2.15), women (HR = 2.15), and both sexes combined (HR = 2.16).
There was a significant trend in the hazard ratios by duration of smoking among current smokers for men (p \ 0.0005) and women (p = 0.0014), but those who smoked for the longest duration did not have the highest ratios among men. Rather, it appeared that the risk plateaued after duration of 31 years or more when men and women were combined. The difference in effect of duration in men and women was not significant (p for interaction = 0.56). Table 5 separated the cases according to the anatomical location of the cancer in the stomach: cardia and noncardia or distal. The location of the tumor in 68 cases was not specified. There were 104 cases of cardia cancer (87 men and 17 women), which constituted just 15% of the total number of gastric cancer cases in the study. For cardia cancer, there was a positive association for ever smokers (includes current and former smokers) among men (HR = 2.60; 95% CI 1.41-4.80) and women (HR = 4.11; 95% CI 1.37-12.30). For distal gastric cancer, the association with ever smokers existed only for men (HR = 1.82; 95% CI 1.38-2.41). When former and current smokers were considered separately, significant hazard ratios for cardia cancer were present for both male and female former All values are x ± SD or % ± SE Adjusted for age at cohort entry as a continuous variable, ethnicity as a strata variable, education, processed meat intake, BMI, alcohol intake, aspirin use, and family history of gastric cancer a Additional adjustment for sex smokers, in spite of the low numbers of cases among women. When men and women were combined, the hazard ratios for cardia cancer were higher than those for distal gastric cancer, and this difference was significant. Of the 696 gastric cancer patients in the study, only a limited number (258) had been coded by the histologic classification of Lauren into intestinal type (183) and diffuse type (75), men and women combined. Compared with never smokers, current smokers had a hazard ratio of 2.06 (95% CI 1.30-3.26) for the intestinal type and 1.18 (95% CI 0.52-2.65) for the diffuse type of gastric cancer; these hazard ratios are significantly different (p = 0.03).
Discussion
Among current cigarette smokers in our MEC study, the risk of gastric adenocarcinoma was increased in both men (98%) and women (78%). In most cohort studies, the association of smoking with gastric cancer was stronger in men than in women [3] . It has been observed in the past studies that proportionally more men are diagnosed with the intestinal histologic type of gastric cancer, while proportionally more women are diagnosed with the diffuse histologic type [13] . If there is a stronger association of cigarette smoking with the intestinal type, then this could account for some of the differences between men and women in the relation of smoking to gastric cancer. Our results with a limited number of cases suggest this possibility, as the hazard ratio was 2.06 for intestinal cancer and 1.18 for diffuse cancer. In two cohort studies in Japan among men, one reported a higher risk of smoking for the intestinal type [14] while the other study did not [15] . Clearly, more studies are needed to determine the association of cigarette smoking with the specific histological types of gastric cancer.
In a recent review of 42 cohort studies [3] , the sexspecific summary-relative risks among current smokers were 1.62 in men (95% CI 1.50-1.75) and 1.20 in women (95% CI 1.01-1.43). Although this meta-analysis suggested that there may be a male-female difference in the magnitude of the association between smoking and gastric cancer, it was noted that the International Agency for Research against Cancer (IARC) concluded in its evaluation of carcinogenic risks to humans that the relative risks were similar for men and women in studies including adequate numbers of women [16] .
In the same review [3] , former male smokers had an increased risk of gastric cancer (RR = 1.34; 95% CI 1.22-1.47), but not former female smokers (RR = 1.16; 95% CI 0.92-1.46). Our results were similar. We also observed, as in other studies [3] , that a shorter interval since quitting among former male smokers yielded a higher risk, even after taking cigarette-years into account. This provides further support for a positive relationship between Fig. 1 The hazard ratios and 95% CI of current smokers compared with never smokers for gastric cancer are shown for the five ethnic groups among men and women combined. The hazard ratios were estimated from cox regression with age as the time metric and adjusted for age, family history of gastric cancer, education, aspirin use, processed meat intake, alcohol consumption, and BMI Adjusted for age at cohort entry as a continuous variable, ethnicity, education, processed meat intake, BMI, alcohol intake, aspirin use, cigarette-years, and family history of gastric cancer
Cancer Causes Control (2012) 23:51-58 55 cigarette smoking and gastric cancer. In addition, this initial report of a consistent positive association between current cigarette smoking and gastric cancer in five different ethnic groups strengthens the case for such an association. Earlier studies investigating a dose-response relation between cigarette smoking and gastric cancer have produced equivocal results. In a meta-analysis in 1997 [4] , a positive effect was reported in 6 of 30 case-control studies and in 4 of 10 cohort studies. A more recent meta-analysis in 2008 suggests that there is a dose-response trend, based on number of cigarettes per day [3] . The effect of duration of cigarette smoking was not assessed in the 2008 analysis.
In the large European Investigation into Cancer and Nutrition (EPIC) study based on 10 European countries [5] , hazard ratios for gastric cancer increased with intensity and duration of cigarette smoking. In our investigation, current male and female smokers who smoked more than 20 cigarettes a day had the highest gastric cancer risk. Also, there was a significant trend in gastric cancer risk with increasing years of cigarette smoking among both men and women, but the trend was not monotonic. Overall, our results support the presence of a weak dose-response trend between cigarette smoking and gastric cancer.
Although there were just 104 cases of cardia cancer in our study, we did find a positive association among ever cigarette smokers. When men and women were combined, both current and former cigarette smokers had a significantly higher risk for cardia cancer than they had for distal gastric cancer. In the EPIC Study, the relative risks among current smokers were 4.10 (95% CI 1.76-9.57) for cardia cancer and 1.94 (95% CI 1.05-3.60) for non-cardia gastric cancer [5] . Some additional studies have also suggested that cigarette smoking is a stronger risk factor for cardia than for distal gastric cancer [14, 17] , but others have not supported this view [15, 18] . In a meta-analysis that included nine cohort studies, the summary-relative risks among current smokers were 1.87 (95% CI 1.31-2.67) for cardia cancer and 1.60 (95% CI 1.41-1.80) for non-cardia gastric cancer [3] . A factor that is contributing to the lack of consistency in showing that smoking may be more strongly associated with cardia than with distal gastric cancer is the extent of misclassification for cardia cancer [14] . Nonetheless, the case is strengthened that risk for both subsites is positively associated with cigarette smoking, supporting the impression that other factors are more important in accounting for the diverging trend in the risk for these sub-sites of gastric cancer.
One of the limitations in our study was that the lack of information on the H. pylori status of study participants. Because of this, we adjusted for place of birth which is potentially reflective of H. pylori prevalence. In a recent population-based cohort study of 1,071 Japanese men, it [19] . There are several mechanisms that could lead to an association between cigarette smoking and gastric cancer. Tobacco products contain a number of carcinogens that have been linked to gastric adenocarcinoma in humans [20] . Smoking-related DNA adducts that can bind to gastric mucosa DNA have been found in gastric cancers of smokers [21] . Cigarette smoking has been associated with an increase in risk for dysplasia and intestinal metaplasia that are precursor lesions of gastric cancer [22] . N-nitrosocompounds are present in cigarette smoke and may be involved in gastric carcinogenesis [23] .
In conclusion, our data suggest the following: (1) the association of current cigarette smoking with gastric cancer is present in both men and women; (2) the effect is consistent across five different ethnic groups; (3) there is some support for a dose-response effect of smoking among both sexes; (4) the smoking effect is present for both cardia and distal gastric cancer, but it is stronger for cardia cancer; and (5) the association of current smoking with gastric cancer is stronger for the intestinal than the diffuse histologic type. 
